Phagocytosis is the process by which receptors at the plasma membrane are used to engulf a particle such as a bacterium, parasite, or dead cell. Phagosomes can be isolated from tissue culture cells by various centrifugation methods, including the use of differential density gradients or sucrose step gradients, but these methods are time-consuming or otherwise difficult. We describe here a protocol that avoids centrifugation and relies instead on the uptake of magnetic beads to rapidly isolate the phagosomal compartment from tissue culture cells.
Reagents
Binding medium for phagosomes (prechilled to 4˚C) <R> Cultured cells
We recommend the use of tissue culture cells, preferably a professional phagocytic cell such as a monocyte, neutrophil, or macrophage, although most cells can undergo phagocytosis. This protocol is optimized for the use of J774.2 mouse macrophages.
STM fractionation buffer (prechilled to 4˚C) <R> Tissue culture medium
For J774.2 cells, we use Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% (v/v) fetal calf serum (FCS).
Microscope (e.g., tissue culture microscope such as Motic Type 101M) Rubber cell scraper Syringes (1 mL)
METHOD
The volumes in this protocol are based on the use of one well of a six-well dish of J774.2 macrophages per isolation.
1. Seed the tissue culture cells (1 × 10 6 J774.2 macrophages per well). Place the dish in a tissue culture incubator for 24 h with the appropriate medium; use 2 mL of DMEM supplemented with 10% FCS for each well of J774.2 cells. 2. On the following day, rinse the cells gently three times using 2 mL of ice-cold binding medium for each wash. Chill the cells by incubating them for 15 min at 4˚C.
J774.2 cells are semiadherent; therefore, care must be taken when removing the medium and washing the cells in this and subsequent steps.
3. Prepare 2 mL of binding medium containing magnetic beads at a ratio of 3 beads per cell. Replace the binding medium in the dish with the medium containing magnetic beads. 4. Deliver the beads onto the cells by centrifuging them at 200g for 5 min at 4˚C.
5.
Incubate the cells for 1 h at 4˚C to allow the beads to bind to the cells.
6. Wash the cells three times with 2 mL of binding medium.
7.
Replace the binding medium with 2 mL of prewarmed medium, and place the cells into a tissue culture incubator.
Phagocytosis proceeds at 37˚C, and the length of the incubation time very much depends on which phagocytic compartment is to be isolated. In this study, 2 h is sufficient for the isolation primarily of phagolysosomes, whereas shorter incubations will be necessary to isolate early and late phagocytic compartments. See Discussion.
8. Remove as much medium as possible by decanting or aspiration, and then harvest the cells by scraping them with a rubber cell scraper into 1 mL of ice-cold STM.
The final volume will be >1 mL because of the presence of the cells and any remaining medium.
From this point onward, keep all solutions at 4˚C, and, if possible, work in a cold room with the temperature controlled to 4˚C.
9. Homogenize the cells. i. Set the specific clearance of the ball-bearing homogenizer to 12 µm.
ii. Mount two 1-mL syringes on the chamber, and transfer the cells into one of these.
iii. Pass the cells through the chamber 20 times using the 1-mL syringes.
iv. Visually check the homogenates under a microscope to ensure that no intact cells remain.
10.
Incubate the homogenate on a magnet for 5 min at 4˚C, remove the supernatant, and then resuspend the phagosomes in 1 mL of STM. Repeat this sequence two more times to isolate and wash the phagosomes.
Phagosomes can finally be suspended in STM in a volume that is appropriate (volumes <1 mL). The sample can be stored at ≤−80˚C, but the latency will be reduced. The stored sample can be a source of protein for analyses, but the organelle will be less likely to be functional.
DISCUSSION
Here we describe the use of magnetic beads to rapidly isolate phagosomes. The phagosomes isolated with this protocol are intact and can be used in in vitro fusion assays or can be further characterized (e.g., by proteomics analysis). Traditional phagosome-isolation methods are based on centrifugation. A relatively pure phagosomal population can be isolated by differential density-gradient centrifugation. This approach, however, can be time-consuming, because the density of the phagosomal com-partment is the same as for other organelles. Another centrifugation method relies on the uptake of latex beads by phagosomes. This approach circumnavigates the problem of density, as latex beadcontaining phagosomes are buoyant relative to other organelles and can be readily separated from them on sucrose gradients (Rabinowitz et al. 1992; Desjardins et al. 1994) . But because sucrose can place osomotic stress on organelles, the use of an iso-osmotic centrifugation medium such as Nycodenz or Ficoll is preferable for isolating phagosomes if they are to be used in functional assays. Both magnetic and latex beads are commercially available in forms coupled to reactive groups that allow molecules found in intracellular pathogens to become attached to their surfaces. These reactive groups facilitate the analysis of the effects of these molecules on the maturation of the phagosome (Osanya et al. 2011) . It is possible to purify bacteria-containing phagosomes (Alvarez-Dominguez et al. 1996) , but evaluating the contribution of individual bacterial proteins and lipids to a maturing phagosome becomes complex unless these individual factors are deleted from the bacterium. When isolating different phagocytic compartments by varying the incubation period for phagocytosis (see Step 7), we routinely use western blotting to identify proteins associated with a particular stage of the isolated phagosomes. For example, the proteins EEA1, Rab7, and LAMP1 are indicators of early phagosomes, late phagosomes, and phagolysosomes, respectively. However, because of the large extent of heterogeneity, the population of isolated phagosomes represents only the "average" phagosomal compartment at that time point. If we compare samples from different time points, then we routinely normalize the samples, based either on protein content or on optical density of the sample at 600 nm.
It should be noted that the rate of phagocytosis depends on factors such as the cell type, the size of the particle (Roberts and Quastel 1963) , the surface chemistry of the particle (Tabata and Ikada 1988) , and the shape of the particle (Paul et al. 2013) . Therefore, the phagocytic compartment of a hydrophobic, spherical 1-µm latex bead should not be compared with the phagosomal compartment surrounding a hydrophilic, rod-shaped bacterium of 2 µm. 
